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(57) ABSTRACT 

A multiple axis modular controller and a method of oper 
ating the controller in a system comprising input devices 
receiving indications of system conditions and output 
devices performing tasks affecting the system conditions. 
The controller includes input connectors connectable to the 
input devices and output connectors connectable to the 
output devices. A processor executes a series of sequential 
commands of an application program. A command can be 
executed in response to completion of one sequential com 
mand of the series of sequential commands regardless of a 
next sequential command in the series of sequential com 
mands or in response to a speci?ed input received at one of 
the input connectors or in response to a speci?ed output sent 
to one of the output connectors. The processor does not 
execute the command, minimiZing processor delays. 
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MULTIPLE AXIS MODULAR CONTROLLER AND 
METHOD OF OPERATING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of provisional 
application Serial No. 60/302,091, ?led Jun. 29, 2001, and 
entitled “Multiple Axis Module Controller.” 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates in general to a controller used 
to control multiple motors, each associated With an axis of 
movement, Wherein the controller is a modular controller, 
and a method of operating such a multiple axis modular 
controller. 

[0004] 2. Description of the Related Art 

[0005] In conventional controllers for a system including 
multiple subsystems, such as a Wafer inspection system, 
each subsystem is provided With a control unit. For a large 
system controlling motors along multiple axes of movement, 
not only must the control units for each subsystem commu 
nicate With the motors to Which they are connected, they 
must be able to communicate With each other. For example, 
in a Wafer inspection system, a robot that is transferring a 
Wafer to an inspection stage must knoW When the stage has 
secured the Wafer so that the robot can stop its motion and 
release its hold on the Wafer. 

[0006] Conventionally, the position, movement, poWer 
level, and other parameters for control of each subsystem of 
a system are coordinated by a central control unit. The 
individual pieces of information required by each actuator, 
such as a servo motor of a robot, are conveyed through the 
control unit to the central controller, Which sends actuating 
signals to the individual actuators through the appropriate 
control unit of a subsystem. This can result in a substantial 
processor burden on the central controller, resulting in sloW 
operation of the system controlled. Further, the more com 
plex the system controlled, the more complex the electrical 
connections due to the extensive Wiring and cabling to the 
central controller. 

[0007] Efforts to speed up these operations using faster 
processor in control units have been made, but they fail to 
address the resulting complex electrical connections. Also, 
the complexity of desired operation of systems controlled by 
these controls units progresses at pace With the increased 
speeds, With the result that processing delays are still expe 
rienced. The combination of speed and processing delays 
can cause errors in the operation of the system. Increased 
complexity also increases the risk that the failure of an 
individual control unit Will cause failure of the operation of 
the entire system, potentially damaging any product in the 
system. 

SUMMARY OF THE INVENTION 

[0008] This desire for the reduction of processing delays 
in operating a system is addressed by the present invention, 
in Which the ?rst aspect is a multiple axis modular controller 
for use in a system comprising input devices receiving 
indications of system conditions and output devices per 
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forming tasks affecting the system conditions. The output 
devices include at least a ?rst motor and a second motor 
Where the ?rst motor and the second motor are operable to 
cause movement of a ?rst axis and a second axis. When 
movement of an axis is discussed, it means movement of a 
tool, Workpiece or product along an axis. The controller 
includes a plurality of input connectors, each of the plurality 
of input connectors connectable to a respective one of the 
input devices, and a plurality of output connectors, each of 
the plurality of output connectors connectable to a respective 
one of the output devices. The controller also includes a 
processor operable to execute a series of sequential com 
mands of an application program and means, separate from 
the processor, for executing a command in response to 
completion of one sequential command of the series of 
sequential commands regardless of a next sequential com 
mand in the series of sequential commands, or in response 
to a speci?ed input received at one of the plurality of input 
connectors, or in response to a speci?ed output sent to one 
of the plurality of output connectors. Thus, one or more 
commands can be executed Without incurring processor 
time. 

[0009] A second aspect of the invention is a method of 
operating a multiple axis modular controller in a system 
comprising input devices receiving indications of system 
conditions and output devices performing tasks affecting the 
system conditions. Again, the output devices include at least 
a ?rst motor and a second motor, the ?rst motor and the 
second motor operable to cause movement of a ?rst axis and 
a second axis, respectively. The method comprises connect 
ing each of a plurality of input connectors to a respective one 
of the input devices and connecting each of a plurality of 
output connectors to a respective one of the output devices. 
The method also includes executing a series of sequential 
commands of an application program using a processor and 
executing, using means separate from the processor, a com 
mand in response to completion of one sequential command 
of the series of sequential commands regardless of a next 
sequential command in the series of sequential commands, 
or in response to a speci?ed input received at one of the 
plurality of input connectors, or in response to a speci?ed 
output sent to one of the plurality of output connectors. 

[0010] Additional features of the present invention are 
contemplated and are described herein. 

BRIEF DESCRIPTION OF THE DRAWING 

[0011] The various features, advantages and other uses of 
the present invention Will become more apparent by refer 
ring to the folloWing detailed description and draWing in 
Which: 

[0012] FIG. 1 is a block diagram shoWing the multiple 
axis controller according to one embodiment of the present 
invention; 
[0013] FIG. 2 is a functional block diagram of the con 
troller according to FIG. 1 incorporated into a portion of a 
Wafer inspection system; 

[0014] FIG. 3 is a block diagram of the interface functions 
of the complex programmable logic device according to 
FIG. 1; 

[0015] FIG. 4 is a block diagram of the control and mode 
registers of the ?eld-programmable gate array according to 
FIG. 1; 




















